The new mineral vendidaite was discovered in the abandoned La Vendida mine, near Sierra Gorda, Antofagasta Region, Atacama desert, Chile. Associated minerals are aubertite, magnesioaubertite, belloite, eriochalcite, alunite, kaolinite, and halloysite. Vendidaite forms colorless platy crystals up to 0.01 × 0.3 × 0.3 mm in size; these occur in clusters up to 0.5 mm across. Vendidaite is brittle, with estimated Mohs' hardness of 2-2½ and perfect cleavage on (010). D meas = 1.97(1) g/cm 3 , D calc = 1.974 g/cm 3 . The new mineral is optically biaxial (+), α = 1.522(2), β = 1.524(2), γ = 1.527(2), 2V (meas.) = 75 (15) 
iNtrOdUCtiON
The abandoned open pit of the La Vendida copper mine (Mina La Vendida, until 1990 known as Rio Tinto mine) is situated about 3 km WNW of the Sierra Gorda village, Antofagasta Region, Atacama desert, Chile. The copper sulfide mineralization is associated with daciticandesitic volcanic breccias. The supergene mineralization is represented mainly by sulfates, chlorides, and clay minerals. La Vendida mine is the type locality for the copper hydroxychloride minerals belloite Cu(OH)Cl (Schlüter et al. 2000) and anatacamite Cu 2 (OH) 3 Cl (Malcherek & Schlüter 2010 ).
The present paper describes a new mineral species from the La Vendida mine, vendidaite. The mineral and its name have been approved by the IMA Commission on New Minerals, Nomenclature and Classification (IMA no. 2012-089) . Vendidaite is a representative of a new structure type. Among 12 natural hydrous aluminum sulfates without additional cations, vendidaite is the only mineral containing Cl as a speciesdefining component.
The type material is deposited in the collection of the Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow, Russia, registration number 4335/1.
geNeraL aPPearaNCe aNd PHySiCaL PrOPertieS
Specimens with vendidaite were collected in the La Vendida open pit by one of the authors (GM) in January 2011. The holotype material originates from a 2 × 1 × 1 m 3 block at the edge of the quarry. Subsequently vendidaite was found on the dumps of the La Vendida mine. Associated minerals are intermediate members of the aubertite-magnesioaubertite solid-solution series, belloite, eriochalcite, alunite, kaolinite, and halloysite. Belloite (formed as a product of alteration of eriochalcite) and vendidaite are the latest minerals in this association.
Sulfate minerals (mainly alunite and jarosite) are abundant in the quarry. Associations of copper sulfates and chlorides (like that bearing vendidaite) are located in small areas from 1 to 5 m across where secondary minerals occur in thin fissures. The host rocks (daciticandesitic volcanic breccias) are strongly altered.
Vendidaite forms colorless transparent (with vitreous luster) platy crystals up to 0.01 × 0.3 × 0.3 mm in size, flattened on (010), and forming clusters up to 0.5 mm across (Fig. 1a,b) , as well as white, fine-grained aggregates. The major form of the vendidaite crystals is {010}; the subordinate forms are {100}, {001}, and {101}. Vendidaite is brittle, with Mohs' hardness of 2-2½ (estimated using cleavage planes of gypsum and calcite) and perfect cleavage on (010). The density measured by flotation in heavy liquids is equal to 1.97(1) g/cm 3 , which agrees well with the value of 1.974 g/cm 3 calculated from the empirical formula.
Vendidaite is optically biaxial (+), α = 1.522(2), β = 1.524(2), γ = 1.527(2), 2V calc = 79º. Due to the lack of material, the refractive indexes and other optical properties were measured from one mount in immersion liquids with no possibility to rotate the grains. Thus 2V meas could only be very roughly estimated as large (between 60° and 90°) by the conoscopic interference pattern on the section perpendicular to the 2V bisector. Grains with orientation more suitable for the 2V measurement were not found because of the perfect cleavage. No dispersion of optical axes was observed. The orientation is Z = b; X and Y lie in the ac plane. In order to obtain an infrared (IR) absorption spectrum, vendidaite powder was mixed with anhydrous KBr, pelletized, and analyzed using an ALPHA FTIR spectrometer (Bruker Optics) at a resolution of 4 cm -1 and using 16 scans. IR spectrum of an analogous pellet of pure KBr was used as a reference. Absorption bands in the IR spectrum of vendidaite (Fig. 2) (see, e.g., Chukanov et al. 2010 (see, e.g., Chukanov et al. , 2012 Nestola et al. 2012) .
The IR spectrum of vendidaite is unique and can be used as a reliable diagnostic tool.
CHeMiCaL data
Five electron-microprobe analyses were carried out using a VEGA TS 5130MM SEM equipped with an EDX analyzer [INCA Si(Li) bonds in the IR spectrum. The analytical data are given in Table 1 . Contents of F, Na, Mg, Si, P, K, Ca, Mn, Cu, Zn, As, Br, Sr, Pb are below detection limits. The Gladstone-Dale compatibility index is: 1 -(K p / K c ) = 0.035 ("excellent").
Vendidaite is insoluble in water and dissolves slowly in warm 20% hydrochloric acid. The aqueous extract from vendidaite-bearing aggregates has a pH value of about 4, which indicates that this mineral is stable in a weak-acid environment.
X-ray diFFraCtiON data aNd CryStaL StrUCtUre
Powder X-ray diffraction data (Table 2) were measured with a Stoe IPDS II image plate diffractometer using the Gandolfi method (MoKα radiation; the distance between sample and detector was 200 mm). The obtained diffraction pattern was indexed in the monoclinic (space group C2/c) unit cell, in agreement with the single-crystal diffraction data. Unit-cell parameters refined from the powder data are: a 11.91(4), b 16.13(2), c 7.46(3) Å, β 125.8(2)°, V 1164(7) Å 3 .
A crystal of vendidaite was mounted on a Bruker Kappa APEX DUO diffractometer with a crystal-todetector distance of 4 cm. A hemisphere of three-dimensional data was collected using MoKα X-radiation and frame widths of 0.5° in ω, with 60 s used to acquire each frame. The unit-cell dimensions were refined on the basis of 9817 reflections (Table 3 ). The systematic absences of reflections are consistent with the spacegroup C2/c. The data were reduced using the Bruker program SAINT. A semi-empirical absorption-correction based upon the intensities of equivalent reflections was applied, and the data were corrected for Lorentz, polarization, and background effects.
The Bruker SHELXTL system of programs was used for the refinement of the crystal structure on the basis of F 2 . The structure was solved by direct methods. Refinement of all atom-position parameters, allowing for the anisotropic displacement of all atoms except H, and the inclusion of a refinable weighting-scheme of the structure factors, resulted in a final agreement index (R1) of 0.044, calculated for the 2034 unique observed reflections (|Fo| > 4σF), and a goodness-of-fit (S) of 1.024. The final atom parameters are listed in Table 4 , and selected interatomic distances and the geometrical parameters of the hydrogen bonding scheme are given in Table 5 . Observed and calculated structure-factors can be acquired from the Depository of Unpublished Data on the MAC website [document Vendidaite CM51_559].
The structure of vendidaite contains one symmetrically independent Al site octahedrally coordinated by three OH groups and three H 2 O molecules (Fig. 3a) The crystal structure contains (SO 4 ) 2-groups and Cl -anions held in the structure by hydrogen bonds alone (Fig. 3b, c) . The average <S-O> bond length in the sulfate group is 1.478 Å, which is in a good agreement with the grand average distance of 1.473 Å given for sulfate minerals by Hawthorne et al. (2000) . The sulfate group is located on the twofold symmetry axis and consists of two O5 and two O7 atoms. The O5 atom accepts three H bonds from the OH(1), H 2 O(3), and H 2 O(6) groups, whereas the O7 atom accepts two bonds from two symmetrically equivalent H 2 O(2) molecules (Fig. 3b) . The Cl atom is also on the two-fold axis and accepts six H bonds from two H 2 O(2), two H 2 O(3), and two H 2 O(6) groups (Fig. 3c) (Fig. 4) . The pseudo-layers are characterized by the high density of hydrogen bonds: eight out of ten H bonds formed by each SO 4 tetrahedron and four out of six bonds formed by each Cl atom belong to the layer. The presence of pseudo-layers in the structure of vendidaite may explain the platy morphology of its crystals and their perfect cleavage.
diSCUSSiON
No minerals related to vendidaite in terms of its crystal structure or powder X-ray diffraction pattern, IR spectrum, and optical data are known. Vendidaite is the first natural chloride sulfate with Al as the only species-defining metal cation, although synthetic polyaluminium chloride hydroxide sulfate materials (PACS) are well-known for their use as a coagulant, and sometimes as a precipitant for treatment of water intended for human consumption (European Standard EN 883, 2005) . Unfortunately, information about the details of synthesis and crystal structures of aluminium chloride sulfates is patented.
Hypothetically, the source of aluminum for vendidaite formation and associated clay minerals was feldspar alteration. Indeed, grains of feldspar in the host rocks are strongly altered, which could be partly the result of its exposure to sulfuric acid formed during the oxidation of primary sulfides. The source of the chlorine is unclear. Most probably, formation of secondary Cl-bearing minerals in oxidation zones of ore deposits in the Atacama Desert of northern Chile is an ongoing process that has occurred intermittently since the onset of hyperaridity and is related to saline ground waters (see Reich et al. 2008) . Strongly altered magmatic rocks containing aggregates of secondary sulfates (kröhnkite, tamarugite, jarosite, aubertite, botryogen, etc.) , as well as clay minerals, are exposed in different parts of the quarry, but the vendidaite-bearing mineral association has only been found in a small area. One can suppose that the formation of vendidaite is possible in narrow ranges of pH and/or activities of species-forming cations and anions. Another possible cause of the uniqueness of vendidaite is the strongly pronounced tendency of the system Al 2 (SO 4 ) 3 -AlCl 3 -H 2 O to form glasses with stoichiometry Al(SO 4 )Cl·nH 2 O (Kirilenko 2010). Hypothetically, the formation of crystalline aluminium chloride sulfates (known mainly as basic salts) is promoted by a high activity of OH groups, i.e., by relatively high pH values of mineral-forming solutions.
The eight hydrogen bonds determined from structural data for vendidaite correspond well to the eight bands of the O-H stretching vibrations observed in the IR spectrum in the range 2900-3700 cm -1 . The following empirical correlation between O-H stretching frequencies n in IR spectra of minerals (in cm -1 ) and O···O distances d(O···O) determined from structural data (in Å) were established by Libowitzky (1999) : n = 3592 -304·10 9 ·exp[-d(O···O)/0.1321]. As was noted earlier by Chukanov et al. (2011) , at high frequencies (above 3500 cm -1 ), substantial deviations from this correlation are possible because the O-H stretching frequencies depend not only on the O···O distances, but also on the nature of cations coordinating O-H groups and H 2 O molecules, as well as on the O-H···O bond angle. The influence of these factors becomes most pronounced for weak hydrogen bonds. The above correlation predicts that the maximum possible value of the O-H stretching frequency for minerals is 3592 cm -1 . However, in IR spectra of many minerals bands of O-H stretching vibrations with higher n values are present. For example, in the IR spectra of the magnesium serpentine-group minerals brucite and kaolinite, strong absorption bands with frequencies even higher than 3660 cm -1 can be observed. 
